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Question 1 
 
Standard atmospheric air (T0 = 15 °C, po = 101.3 kPa) is drawn steadily through a frictionless 
and adiabatic converging nozzle into an adiabatic, constant cross-sectional area duct. The duct is 
3 m long and has an inside diameter of 0.15 m. The average friction factor for the duct may be 
estimated as being equal to 0.03. What is the maximum mass flow rate in kg/s through the duct? 
For this maximum flowrate, determine the values of static temperature, static pressure, 
stagnation temperature, stagnation pressure, and velocity at the inlet [section (1)] and exit 
[section (2)] of the constant area duct. Sketch the temperature-entropy diagram for this flow 
(Assume subsonic flow). 
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Question 2  
 
A centrifugal water pump shown in Fig. 1 having an impeller diameter of 0.5 m operates at 900 
rpm. The water enters the pump parallel to the pump shaft. If the exit blade angle, β2 (see 
figure), is 25°, determine the shaft power required to turn the impeller when the flow through 
the pump is 0.16 m
3
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Question 3 
 
a. At a given instant, two pressure waves, each moving at the speed of sound, emitted by a 
point sources moving with constant velocity in a fluid at rest is shown in Fig. 2. Determine 





Fig. 2: Two pressure waves 




b. At seashore, you observe a high-speed aircraft moving overhead at an elevation of 3048 m. 
you hear the plane 8 s after it passes directly overhead. Using a nominal air temperature of 
4.4 °C, estimate the Mach number and speed of the aircraft. 
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Air enters a square duct through a 0.3 m opening as shown in Fig. 3. Because the boundary layer 
displacement thickness increases in the direction of flow, it is necessary to increase the cross-
sectional size of the duct if a constant U = 0.6 m/s velocity is to be maintained outside the 
boundary layer. Plot a graph of the duct size, d, as a function of x for 0 ≤ x ≤3 m if U is to be 
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